Introduction
============

COPD is defined as a preventable and treatable disease, which is characterized by a persistent, progressive limitation of airflow with an inflammatory response increased by particle stimulus and harmful gases in the airways. Exacerbations and comorbidities contribute to the individual severity of the disease.[@b1-copd-13-627] Smoking is the main environmental risk factor for COPD[@b2-copd-13-627] and is widely reported to increase respiratory symptoms, abnormalities in pulmonary function, and mortality.[@b3-copd-13-627] Air contamination by biomass burning (BB; mainly wood) has also been reported as a risk factor for COPD.[@b4-copd-13-627],[@b5-copd-13-627] Although in many aspects the COPD by biomass burning (COPD-BB) is similar to COPD by smoking (COPD-S), clinical differences have been observed. Among these, COPD-BB is most frequent in women, bronchitis is the main phenotype found and, in general, the patients have higher body mass index (BMI),[@b6-copd-13-627] whereas in COPD-S, the emphysema is most frequent and airflow obstruction severest.[@b7-copd-13-627],[@b8-copd-13-627] However, there are no studies showing molecular, cellular, or genetic differences between both phenotypes.

COPD is a disease widely related to inflammation, both systemic and localized,[@b9-copd-13-627] and several studies have evaluated the levels of inflammation and their relation to the clinical severity of the disease.[@b10-copd-13-627] Some of the evaluated biomarkers include cytokines and chemokines involved in the inflammatory process, such as interleukin (IL)-1β, IL-6, IL-8, and tumor necrosis factor (TNF)-α, among others. Some studies have demonstrated relationships between increased TNF-α levels, metabolic disorders,[@b11-copd-13-627],[@b12-copd-13-627] and weakening chronic diseases, resulting in loss of weight, skeletal muscle proteins, and fat tissue.[@b13-copd-13-627],[@b14-copd-13-627] Genetic variations in the *TNF* promoter region have been associated with differences in its phenotypic expression and with several diseases.[@b14-copd-13-627],[@b15-copd-13-627] Regarding single nucleotide polymorphisms (SNPs), rs1800629 (G \> A change in position -308) increases the transcriptional activity of the gene.[@b15-copd-13-627]--[@b18-copd-13-627] Another gene reported to affect the expression of TNF-α is lymphotoxin alpha (*LTA*); in particular, rs909253 (G \> A) in *LTA* has been associated with regulation of the gene.[@b17-copd-13-627] Genetics variations type SNP in *TNF* and *LTA* has been associated with COPD and also with some clinical phenotypes, such as lower FEV~1~/FVC or decline in lung function.[@b19-copd-13-627],[@b20-copd-13-627] These genes are also reportedly associated with asthma and COPD.[@b21-copd-13-627],[@b22-copd-13-627]

We hypothesize that SNPs in *TNF* and *LTA* establish genetic differences between COPD related to smoking and wood smoke. The aim of this study was to determine these associations by analyzing three SNPs in the *TNF* gene (rs1800629, rs361525, and rs1800750) and one SNP in the *LTA* gene (rs909253) in Mexican mestizo (MM) population, as well as comparing the frequencies of the different analyzed SNPs with the global frequencies.

Methods
=======

Studied population
------------------

### Case and control groups

Some 1,322 subjects were included in the case--control study. These subjects attended the COPD and smoking cessation support clinics, both part of the Department of Smoking and COPD Research Department of the Instituto Nacional de Enfermedades Respiratorias Ismael Cosio Villegas (INER) at Mexico. The sample included 384 patients with a diagnosis of COPD secondary to smoking (COPD-S) and 168 with COPD secondary to biomass burning (COPD-BB). The COPD diagnosis was confirmed using pulmonary function tests, applying diagnostic criteria according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2011 guidelines. Individuals older than 50 years and with a tobacco index ≥5 packs/year were classified in the COPD-S group, and those with an accumulative exposure higher than 200 h/year to biomass smoke (hours a day by years exposed), never smokers were classified into the COPD-BB, this cut-off was chosen because it is the risk exposure reported in the Mexican population.[@b22-copd-13-627] The group of smokers without COPD (SWOC, n=674) included smokers with no evidence of pulmonary disease and with normal spirometry levels. Finally, a group of contacts exposed to wood smoke with no background of active or passive smoking was also included as biomass burning-exposed subjects (BBES, n=96). All participants completed a hereditary pathology background survey. Subjects who self-reported having chronic respiratory diseases different to COPD and/or inflammatory diseases and subjects whose ancestry were not Mexican, were excluded.

Population comparison group
---------------------------

A group of 950 volunteers was also included. These subjects had the following characteristics: clinically healthy, \>18 years, both genders, smokers and nonsmokers, born as MMs, parents and grandparents born in Mexico, no biologically-related among themselves or with the patients or controls, and no familial history of pulmonary diseases. The participants were recruited from annual campaigns of COPD early diagnosis, performed on World COPD Day and World No-Smoking Day in the INER.

Data concerning the frequencies of alleles and genotypes for the associated polymorphisms were also included for comparison with the population data. Data were included from the National Institute of Environmental Health Sciences (NIEHS) SNPs Environmental Genome Program for the Caucasian population residing in Utah, USA (CEU), Chinese in Beijing, China (CHB), and Mexicans residing in Los Angeles, CA, USA (MXL),[@b23-copd-13-627] as well as from the International HapMap Project.[@b24-copd-13-627]

All participants were previously invited to participate in the study; they signed an informed consent document and were provided with a privacy statement describing the protection of their personal data. This study was reviewed and approved by the Ethics and Science Committee in Research, with protocol number B35-09 and Institutional Review Board at National Institute of Respiratory Diseases (INER) Ismael Cosio Villegas.

SNP selection
-------------

For SNP selection, a bibliographic search was performed, which identified polymorphisms previously associated with respiratory inflammatory diseases, taking into account studies with a significance value of *p*\<0.05[@b19-copd-13-627],[@b26-copd-13-627],[@b27-copd-13-627] or a minor allele frequency \>5% from the 1000 Genome project. [Table 1](#t1-copd-13-627){ref-type="table"} lists the characteristics of the polymorphisms included.

Genotyping
----------

DNA was obtained from peripheral blood cells obtained by venipuncture. Genomic DNA was extracted using the commercial BDtract™ Genomic DNA Isolation kit (Maxim Biotech, San Francisco, CA, USA). The genetic material was quantified using UV light absorbing spectrophotometry at 260 nm using a nanodrop device (Thermo Fisher Scientific, Waltham, MA, USA). The contamination with organic compounds and proteins was determined by establishing the ratio of 260/240 and 260/280 reads, respectively. Samples were considered free of contaminants when the ratio was 1.7--2.0 in both cases. The allelic discrimination of the SNPs was performed using commercial 20X Taqman probes (Thermo Fisher Scientific) for real-time PCR on a 7300 Real Time PCR Systems instrument (Thermo Fisher Scientific). The results were analyzed using the SDS (Sequence Detection Software) software version 1.4.

Statistical analysis
--------------------

The differences between groups were evaluated by determining and comparing the allelic, genotypic, and haplotype frequencies. The statistical significance was assessed using SPSS v15.0 and Epi Info 7.1.3.0 statistical packages according to the *χ*^2^ values. The results were considered significant when the *p*-value after Yates correction and Cochran-Armitage trend test was \<0.05. The Hardy--Weinberg equilibrium (HWE) test was performed by Pearson and Fisher's exact test, and it was considered outside of equilibrium with *p*\<0.05. Finally, the odds ratio (OR) was estimated with a 95% CI to assess the strength of the association.

TNF-α blood levels
------------------

According to genetic association results, 40 plasma samples were selected: 20 COPD-S and 20 COPD-BB patients. TNF-α levels were measured using the 10-plex human cytokine kit (Thermo Fisher Scientific). Data were analyzed by Mann--Whitney *U* test for independent groups and the correlation *r*^2^ value was calculated for GOLD grade and TNF-α.

Results
=======

The clinical characteristics of the subjects included are listed in [Table 2](#t2-copd-13-627){ref-type="table"}. The average age waŝ70 years in all four groups. The gender ratio was 2:3 men for each woman in patients with COPD-S, while in the comparison group (SWOC), the ratio was 2:1 (*p*=0.33). In the case of COPD-BB, the ratio of genders revealed 6:6 women for each man affected, while the corresponding ratio in the group of exposed subjects without the disease (BBES) was 5:1 (*p*=0.46). The mean BMI was 26--28 for all groups (*p*\>0.05, non-significant). However, in SWOC, COPD-BB, and BBES, the BMI showed the highest values. Interestingly, the lowest values for this variable were found in the COPD-S patients.

Smoking and exposure to smoke from BB are considered environmental risk variables and were evaluated by comparing groups depending on the type of exposure. For smoking, the average accumulated consumption, expressed in packs per year, was slightly higher in the group of patients with COPD related to smoking compared with the control; however, this difference was not statistically significantly (*p*\>0.05). Regarding chronic exposure to wood smoke from BB, the COPD-BB group exhibited more years and hours of exposure (*p*\<0.001) compared to BBES. This is reflected in the exposure index, which was higher in COPD-BB compared with BBES (*p*\<0.001).

There were statistically significant differences in the pulmonary function variable between cases and controls.

Genotyping
----------

Four SNPs were genotyped in two genes: three in *TNF* (rs361525, rs1800629, and rs1800750) and one in *LTA* (rs909253). The results of the allelic and genotype frequencies are shown in [Tables 3](#t3-copd-13-627){ref-type="table"} and [4](#t4-copd-13-627){ref-type="table"}. HWE was checked for all the SNP markers from all groups. The control groups (SWOC and BBES) were in HWE, although the rs1800629 in group SWOC had a slight deviation by the Pearson test (*p*=0.0185); however, in Fisher's exact test, the *p*-value was 0.0688. All the markers included in the study are shown in a ternary plot ([Figure S1](#SD1-copd-13-627){ref-type="supplementary-material"}).

To determine the possible association with the polymorphisms analyzed between cases and control groups, the allelic and genotype frequencies were compared between groups using the *χ*^2^ test. No statistically significant difference was found in genotypes from rs909253 in *LTA* or the rs1800750 in *TNF*.

COPD-S to smoking vs SWOC
-------------------------

A statistically significant difference for genotype GA of the rs1800629 in *TNF* was found between COPD-S vs SWOC (*p*=0.00013, OR=2.54, 95% CI=1.53--4.26). According to this result, allele A of this SNP was associated with susceptibility to COPD related to smoking (*p*=0.001, OR=2.17, 95% CI=1.33--3.53).

COPD secondary to wood smoke vs subjects exposed to wood smoke without COPD
---------------------------------------------------------------------------

The comparison performed between COPD related to COPD-BB and nonsmoking BBES showed a statistically significant difference in the frequency of genotype GA of rs631525 (*p*=0.0079, OR=5.99, 95% CI=1.38--53.98). Regarding the allelic frequencies of the same polymorphism, allele A was increased in the case group compared with the control (*p*=0.009, OR=5.69, 95% CI=1.31--24.71). Given its low frequency in BBES, allele A was assessed using Fisher's exact test.

COPD related to smoking vs COPD related to wood smoke
-----------------------------------------------------

To determine whether there were differences between COPD-S and COPD-BB, their frequencies were compared. A statistically significant difference was found for genotype GA of rs1800629 (*p*=0.017), which was increased in the COPD-S group compared with COPD-BB.

GOLD severity analysis
----------------------

The association of different genotypes with the severity of the disease was evaluated using logistic regression, including as covariables the GOLD level and the pulmonary function measurements. No statistically significant differences were found (*p*\>0.05). To determine the strength of the association of the minor allele, we used the Kruskal--Wallis test in an additive recessive model (GA + AA vs GG, for both SNPs associated) and found no association with the covariables included.

A contrast between the less severe (G1: I + II) and severe (G2: III + IV) levels in patients with COPD related to smoking compared with the SWOC group yielded a statistically significant difference in genotype GA of the rs1800629 comparing G1 (*p*=0.0441, OR=1.94, 95% CI=1.04--3.63) and G2 (*p*=0.00018, OR=3.68, 95% CI=1.94--3.07) against the SWOC group. In the case of patients with COPD related to wood smoke, genotype GA of the rs361525 was increased in group G1 compared with BBES (*p*=0.0305, OR=5.09, 95% CI=1.07--24.26). The frequencies are included in [Table 5](#t5-copd-13-627){ref-type="table"}.

Haplotypes
----------

The haplotype analysis was performed using the Haploview v4.2 software; no haplotype was found in association with the polymorphisms analyzed; only between rs361525 and rs909253 was *r*^2^=0.62.

TNF-α blood levels
------------------

According to our genetic association results in the *TNF* gene, 40 plasma samples were selected in base of the followed characteristics: 20 COPD-S patients, 10 homozygous (GG) and 10 heterozygous for the rs1800629 and 20 COPD-BB were chosen: 10 homozygous (GG) and 10 heterozygous for the rs361525.

No significant differences were found when compared COPD-S vs COPD-BB cytokine levels ([Table 6](#t6-copd-13-627){ref-type="table"}). For the association of TNF-α with COPD severity, all the subjects were classified by GOLD grade and correlation coefficient was calculated. No correlation between TNF-α and GOLD grade was found. TNF-α levels were compared for each associated genotype in rs1800629 and rs361525, respectively, and no statistical significant differences were found ([Table 7](#t7-copd-13-627){ref-type="table"}). Interestingly, TNF-α plasma levels in COPD-BB heterozygous (GA) compared with homozygous was increased 2-fold (700.55 vs 311.64 pg/mL, *p*=0.108).

Population comparison
---------------------

For rs361525, we considered values from the NIEHS SNPs Environmental Genome Program,[@b23-copd-13-627] whereas for rs1800629, data were collected from the same populations available in Phases II + III, release 28 of the International HapMap Project.[@b24-copd-13-627] [Table 8](#t8-copd-13-627){ref-type="table"} presents the genotype and allele frequencies for both SNPs in a Caucasian population (CEU), a Chinese population (CHB), and four Mexican populations (MXL, MM, SWOC, and BBES).

Allele G and genotype GG for both SNPs were the most frequent in the populations studied. For the rs361525 GA, the highest frequency was found in the Caucasian population (\>14%). In the Mexican population, there was a difference in the distribution of this heterozygous genotype, exceeding 9% in MMs of our population control group, while in smokers with no COPD, the frequency was 7.7%. According to the data available for Mexican-Americans, \<4% of this population had genotype GA. Subjects exposed to wood smoke showed the lowest frequency in Mexicans (2.1%). Genotype AA was only identified in MMs (\~1.5%) and was absent in the remaining populations included in the study.

Genotype GA of rs1800629 had a heterogeneous distribution between the populations studied; almost one-third of the Caucasian population (31%) has this genotype compared with 15.3% in the Chinese population. The Mexican populations showed the lowest frequencies (\~12%) in individuals with Mexican ancestry residing in Los Angeles, CA, USA. This percentage decreased to 7.3% in MMs and to 4.3% and 3.1% in Mexicans from the SWOC and BBES groups, respectively. The homozygous AA genotype was only identified in \<2% in CEU and \<1% in CHB. In Mexicans, its frequency was very low (0.3%--0.7%).

[Figure 1](#f1-copd-13-627){ref-type="fig"} shows the frequency of genotype GA for both SNPs in all populations. The frequency of genotypes associated in the control groups (SWOC and BBES) and MMs was compared with that corresponding to the CEU, CHB, and MXL populations included in this analysis. rs361525 GA was significantly decreased in MMs vs CEU (*p*=0.0181) and, ultimately, was increased compared with BBES (MMs vs BBES, *p*=0.0314). A similar finding was observed with rs1800629 GA, which was decreased in MMs compared to CEU and CHB (*p*\<0.001 for both comparisons). However, this frequency was higher compared with the SWOC group (7.3% vs 4.6%, *p*=0.036).

Discussion
==========

COPD is a disease with a widely documented inflammatory component; altered levels of different inflammatory biomarkers have been described, and there are different hypotheses regarding its initiation and progression, including those related to immunological, biochemical, and genetic events. Additionally, different polymorphisms whose protein products are associated with inflammation have been reported. In our study, an association was found between COPD and some polymorphisms in the promoter of *TNF* gene. The GA genotype of rs1800629 is associated with the susceptibility of COPD secondary to smoking, while the GA genotype of the rs361525 is associated to COPD-BB. Furthermore, genotype GA of rs1800629 was identified to be more frequent in the group with COPD-S compared with COPD-BB.

Regarding rs1800629, which represents the substitution of guanine by adenine (G \> A), it has been reported that allele A (minor allele) increases the gene's transcriptional rate[@b16-copd-13-627],[@b38-copd-13-627],[@b39-copd-13-627] and has been associated with inflammatory autoimmune diseases.[@b28-copd-13-627]--[@b31-copd-13-627]

In a Turkish population, rs1800629 was not found to be associated with the GOLD grade; however, the GA genotype was associated with exacerbations and hospitalizations.[@b32-copd-13-627] In another study performed in the population of Helsinki, the GA genotype of the same polymorphism was associated with paraseptal emphysema, which is a COPD clinical phenotype.[@b25-copd-13-627]

Regarding genetic associations and COPD, there are studies showing relevance for the *TNF*-308G/A SNP in the population of Taiwan, in which genotype GA was associated with chronic bronchitis and an increased inflammatory response.[@b33-copd-13-627] This result was included in a meta-analysis performed by Zhang et al in 2011,[@b34-copd-13-627] in which genotype GA in position -308 was shown to be associated with higher risk in Asian populations but not in Caucasian populations. This association remains even when the populations are stratified by smoking habits.[@b34-copd-13-627] However, these results have not been repeated in other populations.

Another polymorphism that has been associated in COPD is rs361525 GA, which was found to increase protein expression in lung secretions and bioactivity with neutrophil inflammation, increasing their chemotaxis, in addition to clinical features of the disease, including its progression.[@b18-copd-13-627] In our study, we found that rs361525 GA is increased in patients with COPD related to wood smoke in the GOLD grades, with low severity levels compared with the control group.

Previously, in our work team, employing sequencing analysis, we have identified several SNPs associated to COPD in Mexican population;[@b35-copd-13-627] however, this is the first report of a genetic association study in COPD secondary to BB or wood smoke.

On the other hand, high levels of TNF-α have been associated with SNPs in *LTA*.[@b36-copd-13-627] In our study, we analyzed rs909253 of the *LTA* gene, but we did not find differences in the allele genotype frequencies or haplotypes of this variant between the groups studied; this polymorphism has been associated with decreased risk to COPD in the Russian population;[@b37-copd-13-627] however, its frequency is low in the MM population and probably this behavior influences the fact that we have not able to identify haplotypes with SNP in the *TNF* promoter gene.

In general, these types of analysis have been performed in Caucasian populations, without population validations, particularly in those with ancestral contributions from diverse origins, which is the case of the MM populations. In our study, we compared the frequencies of the alleles and genotypes associated with susceptibility and higher severity of COPD in the MM populations and the Caucasian, Chinese, and Mexican-American population data. We observed that the GA genotype was found in a lower proportion in the BBES group compared with the rest of the populations. A similar result was reported by Meenagh et al in 2002,[@b38-copd-13-627] in which they found polymorphisms in genes that encode different cytokines, the GA genotype was found at a lower frequency (5%) compared with the Caucasian, Asian, and African populations. Interestingly, in this report, this genotype was less frequent in the BBES group compared with the SWOC group, possibly because the group with exposure to BB smoke came from rural areas with higher proportions of native ancestral contributions, while the smoker group individuals were mainly from urban areas. Nonetheless, there was no statistically significant difference between the groups. At the population level, our results agree with recently reported findings in Mexican populations, where a higher frequency of the GA genotype of rs1800629 is found in mestizo populations compared with native populations.[@b39-copd-13-627]

Another interesting result was that the lowest average BMI was found in the group of patients with COPD related to smoking. BMI is an independent prognostic factor in COPD,[@b40-copd-13-627] as it has been reported as a risk factor for death.[@b41-copd-13-627] In 2012, a study was performed in a Taiwanese population, in which the *TNF*-863 (rs1800630) was associated with an increased BMI;[@b42-copd-13-627] however, Eagan et al found increased levels of TNF-α were associated with a loss of lean body mass;[@b43-copd-13-627] nevertheless, there are no studies in our population regarding *TNF* polymorphism and COPD clinical phenotype related to BMI. In our results, we had patients with exceptionally high BMI; however, there are no statistical differences between the study groups.

There are no studies of genetic associations and COPD secondary to smoke from BB. However, Kurmi et al reported that wood smoke was a potential oxidizing agent and they demonstrated that ascorbate oxidation and glutathione reduction were induced by a mixture of biomass and wood.[@b44-copd-13-627] Previously, Ramírez-Venegas et al[@b8-copd-13-627] in 2006 described clinical differences between patients with COPD related to BB vs smoking, such as a higher partial carbon dioxide saturation (PaCO~2~) and a high prevalence of bronchitis among patients with COPD related to wood smoke.

The results of several in vivo and in vitro studies indicate that the increase in the production of TNF-α leads to an increase in inflammation and to a pro-oxidative response, which is important in the disease's pathogenesis. TNF-α regulates inflammation and is thought to play a key role in the respiratory and systemic characteristics of COPD.[@b45-copd-13-627]--[@b47-copd-13-627] Several studies have found increased TNF-α concentrations in the serum and in pulmonary fluids, and more specifically, these increased levels have been found during infection exacerbations.[@b30-copd-13-627],[@b31-copd-13-627] In our analysis, in the determination of TNF-α levels, we did not find statistical differences; however, among COPD-BB patients harboring heterozygous rs361525 (GA) had 2-fold increased plasma levels in comparison to those homozygous for common allele (GG). TNF-α has also been associated with COPD systemic manifestations such as decreased BMI[@b48-copd-13-627] and abnormal energy expenditures at rest.[@b49-copd-13-627] The clinical manifestations, such as BMI, severity of the disease, and its progression, are heterogeneous and may be the result of several pathogenic processes involving abnormalities in different biological pathways such as the oxidative stress, apoptotic control disequilibrium, and changes in the immune system (inflammation).[@b14-copd-13-627] These pathways, either individually or collectively, may be responsible for the phenotypic differences of the disease.

Finally, regarding why two different SNPs in the same gene are associated with COPD secondary to different ambiental risk factors could be related to genetic composition in mestizo populations, as both associated SNPs have been previously found related in an independent way.

In the present work, we studied the involvement of individual SNPs in the promoter region of *TNF* and *LTA*. A limitation of our work is that rs1800629 has a deviation of the HWE. Although it is true that this point is critical in these kinds of studies, the allelic/genotype frequency of this polymorphism is very similar to other reports in the MM population. Another limitation was that we were not able to classify patients regarding clinical phenotype (ie, bronchitis, emphysema), because not all patients had imaging tests, mainly CT scans. It would be desirable to conduct research including clinical, histological, and radiological variables, in addition to wider regions of these genes, especially those involved in genetic regulation, to identify groups of variants contributing to COPD establishment and/or progression.

Currently, there are no studies evaluating the participation of genetic factors related to inflammation that include both main environmental risk factors for COPD. Hence, the present investigation constitutes a source of information for the design of further studies on this issue. Identifying genetic susceptibility in COPD secondary to different ambiental factors, particularly in the inflammation way, could lead to better pharmacological interventions, where genomic and personalized medicine have a principal role.

Supplementary material
======================

###### 

De Finetti diagram for all markers ternary plot shows rs1800629 in the smokers without COPD group. (A) Marker in Hardy--Weinberg disequilibrium (*p*=0.018).

Partial data of this manuscript were presented in abstract form in the European Respiratory Society (ERS) 2015 international congress from September 26--30, 2015.[@b50-copd-13-627]
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![Comparison of the GA genotype frequency between populations.\
**Notes:** \*CEU vs MM; \*\*MM vs BBES; ^\#^CEU vs MM; ^\#\#^CHB vs MM; ^\#\#\#^MM vs SWOC.\
**Abbreviations:** CEU, Caucasians; CHB, Chinese; Mex (LA), Mexican ancestry in Los Angeles; MM, Mexican mestizo; SWOC, smokers without COPD; BBES, biomass burning-exposed subjects; GF, genotype frequency; OR, odds ratio.](copd-13-627Fig1){#f1-copd-13-627}

###### 

Characteristics of the genetic polymorphisms included in the analysis

  Gene    SNP         Gene position   Allele   MAF   
  ------- ----------- --------------- -------- ----- ----------
  *TNF*   rs361525    −238            G/A      G     A=0.0609
          rs1800629   −308            G/A      G     A=0.0903
          rs1800750   −376            G/A      G     A=0.0112
  *LTA*   rs909253    +252            C/T      T     C=0.3898

**Note:** MAFs are from the 1000 Genome project.

**Abbreviations:** SNP, single nucleotide polymorphism; MAF, minor allele frequency.

###### 

Demographic, exposure, and pulmonary function data from all four study groups

  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Variables                                                                                                               COPD-S\             SWOC\               COPD-BB\            BBES\               *p*-value
                                                                                                                          (n=384)             (n=674)             (n=168)             (n=96)              
  ----------------------------------------------------------------------------------------------------------------------- ------------------- ------------------- ------------------- ------------------- -----------
  Age (years)[a](#tfn3-copd-13-627){ref-type="table-fn"}                                                                  67.2 (45--90)       64.0 (42--82)       73.3 (47--97)       75.5 (40--93)       \>0.10

  Gender                                                                                                                                                                                                  

   Male (%)                                                                                                               269 (70.1)          452 (67.1)          22 (13.1)           16 (16.7)           \>0.30

   Female (%)                                                                                                             115 (29.9)          222 (32.9)          146 (86.9)          80 (83.3)           

  BMI (kg/m^2^)                                                                                                           25.7 (16.4--37.9)   27.5 (13.7--53.6)   26.9 (17.9--45.0)   27.4 (15.0--42.1)   0.000

  Smoking                                                                                                                                                                                                 

   Years smoking                                                                                                          40.3 (1--73)        39.8 (1--62)                                                

   Cigarettes/day                                                                                                         21.8 (1--80)        19.4 (1--80)                                                

   Cumulative exposure                                                                                                    44.4 (5--150)       40.3 (5--138)                                               

  Biomass burning smoke                                                                                                                                                                                   

   Exposure years                                                                                                                                                 38.7 (6--80)        15.5 (2--59)        0.000

   h/day                                                                                                                                                          6.8 (1--50)         4.7 (1--14)         0.000

   Cumulative exposure                                                                                                                                            249.2 (23--1,000)   81.1 (4--550)       0.000

  Pulmonary function measurement[a](#tfn3-copd-13-627){ref-type="table-fn"},[b](#tfn4-copd-13-627){ref-type="table-fn"}                                                                                   

   FEV~1~, ref (%) post                                                                                                   61.1 (14--144)      98.8 (23--162)      65.2 (20--128)      94.1 (22--144)      0.000

   FVC, ref (%) post                                                                                                      85.9 (27--160)      96.3 (18--156)      84.6 (33--146)      94.1 (22--139)      0.000

   FEV~1~/FVC (%) post                                                                                                    52.2 (19--62)       81.2 (33--78)       58.6 (29--67)       84.9 (71--97)       0.000
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Notes:**

Minimum and maximum values are shown;

postbronchodilator values. All values are measures of lung function postbronchodilator use; minimum and maximum values are shown.

**Abbreviations:** COPD-S, COPD secondary to smoking; SWOC, smokers without COPD; COPD-BB, COPD secondary to biomass burning; BBES, biomass burning-exposed subjects; BMI, body mass index.

###### 

Genotype frequencies for the SNPs studied in all four groups

  Gene/SNP     Genotype   COPD-S   SWOC   COPD-BB   BBES   *p*-value                      
  ------------ ---------- -------- ------ --------- ------ ----------- ------ ---- ------ --------------------------------------------------------------------------------------------
  *TNF*                                                                                   
   rs361525    GG         349      90.9   621       92.1   149         88.7   94   97.9   
               GA         31       8.1    52        7.7    19          11.3   2    2.1    [\#](#tfn6-copd-13-627){ref-type="table-fn"}
               AA         4        1.0    1         0.2    0           0.0    0    0.0    
   rs1800629   GG         342      89.0   641       95.1   159         94.6   93   96.9   
               GA         42       11.0   31        4.6    7           4.2    3    3.1    [\#\#](#tfn7-copd-13-627){ref-type="table-fn"},[§](#tfn8-copd-13-627){ref-type="table-fn"}
               AA         0        0.0    2         0.3    2           0.2    0    0.0    
   rs1800750   GG         357      93.0   634       94.1   162         96.4   94   97.9   
               GA         27       7.0    38        5.6    6           3.6    2    0.1    
               AA         0        0.0    2         0.3    0           0.0    0    0.0    
  *LTA*                                                                                   
   rs909253    AA         32       8.3    70        10.4   16          9.5    10   10.4   
               GA         185      48.2   303       44.9   91          54.2   42   43.7   
               GG         167      43.5   301       44.7   61          36.3   44   45.9   

**Notes:**

Association between COPD-BB vs BBES, *p*\<0.01;

association between COPD-S vs SWOC, *p*=\<0.001;

association between COPD-S vs COPD-BB, *p*=0.01.

**Abbreviations:** COPD-S, patients with COPD related to smoking; SWOC, smokers without COPD; COPD-BB, COPD secondary to biomass burning; BBES, biomass burning-exposed subjects; GF, genotype frequency.

###### 

AFs in the study groups

  Gene/SNP     Allele   COPD-S   SWOC   COPD-BB   BBES   *p*-value                       
  ------------ -------- -------- ------ --------- ------ ----------- ------ ----- ------ -------------------------------------------------
  *TNF*                                                                                  
   rs361525    G        729      94.9   1,294     96.0   317         94.3   190   98.9   
               A        39       5.1    54        4.0    19          5.7    2     1.1    [\#](#tfn10-copd-13-627){ref-type="table-fn"}
   rs1800629   G        726      94.5   1,313     97.4   325         96.7   189   98.4   
               A        42       5.5    35        2.6    11          3.3    3     1.6    [\#\#](#tfn11-copd-13-627){ref-type="table-fn"}
   rs1800750   G        741      96.5   1,306     96.9   330         98.2   190   98.9   
               A        27       3.5    42        3.1    6           1.8    2     1.1    
  *LTA*                                                                                  
   rs909253    A        519      67.6   905       67.1   213         63.4   130   67.7   
               G        249      32.4   443       32.9   123         36.6   62    32.3   

**Notes:**

Association between COPD-BB and BBES, *p*\<0.01;

association between COPD-S and SWOC, *p*=0.001.

**Abbreviations:** COPD-S, patients with COPD related to smoking; SWOC, smokers without COPD; COPD-BB, COPD secondary to biomass burning; BBES, biomass burning-exposed subjects; AF, allele frequency; SNP, single nucleotide polymorphism.

###### 

Comparison of the SNP frequency in *TNF* clustered by GOLD severity

  SNP/genotype   COPD-S   SWOC   COPD-BB   BBES   *p*-value          
  -------------- -------- ------ --------- ------ ----------- ------ ----------------------------------------------------------------------------------------------
  rs361525                                                           
   GG            91.3     89.3   92.1      90.3   95.8        97.9   
   GA            8.6      9.7    7.7       9.7    4.2         2.1    [\#](#tfn13-copd-13-627){ref-type="table-fn"}
   AA            0.0      0.9    0.2       0.0    0.0         0.0    
  rs1800629                                                          
   GG            91.4     84.8   95.1      94.7   91.7        96.9   
   GA            8.6      15.2   4.6       4.2    8.3         3.1    [\#\#](#tfn14-copd-13-627){ref-type="table-fn"},[§](#tfn15-copd-13-627){ref-type="table-fn"}
   AA            0.0      0.00   0.3       1.1    0.0         0      

**Notes:**

COPD-BB G1 vs BBES, *p*\<0.05;

COPD-S G1 vs SWOC group, *p*\<0.05;

COPD-S G2 vs SWOC, *p*\<0.001.

**Abbreviations:** COPD-S, COPD secondary to smoking; SWOC, smokers without COPD; COPD-BB, COPD secondary to biomass burning; BBES, biomass burning-exposed subjects; G1, Global Initiative for Chronic Obstructive Lung Disease (GOLD) grade I + II; G2, GOLD grade III + IV; SNP, single nucleotide polymorphisms.

###### 

TNF-α blood levels in COPD patients

          COPD-S (pg/mL)            COPD-BB (pg/mL)           *p*-value
  ------- ------------------------- ------------------------- -----------
  TNF-α   244.51 (403.75--151.36)   482.34 (933.63--298.62)   0.106

**Notes:** TNF-α levels are presented in median with interquartile range (75--25). Mann--Whitney *U* test was used to compare groups.

**Abbreviations:** COPD-S, patients with COPD related to smoking; COPD-BB, COPD secondary to biomass burning.

###### 

TNF-α levels clustered by genotype in the patient groups

  ---------------------------------------------------------
            rs1800629            *p*-value          
  --------- -------------------- ------------------ -------
  COPD-S    241.87 pg/mL\        244.51 pg/mL\      0.780
            (518.87--182.19)     (373.59--151.36)   

            **rs361525**                            

            **GA**               **GG**             

  COPD-BB   700.55 pg/mL\        311.64 pg/mL\      0.108
            (1,712.64--324.64)   (656.14--106.13)   
  ---------------------------------------------------------

**Notes:** TNF-α levels for each SNP and genotype are presented in median with interquartile range (75--25). Mann--Whitney *U* test was used to compare. Statistical significance is represented by *p*\<0.05.

**Abbreviations:** COPD-S, patients with COPD related to smoking; COPD-BB, COPD secondary to biomass burning; SNP, single nucleotide polymorphism.

###### 

Genotype and allele frequency of rs361525 and rs1800629 among the populations

  SNP         CEU     CHB     Mexican population                   
  ----------- ------- ------- -------------------- ------- ------- -------
  rs361525                                                         
   GG         0.853   0.911   0.962                0.896   0.921   0.979
   GA         0.147   0.089   0.038                0.091   0.077   0.021
   AA         0       0       0                    0.014   0.001   0
   G          0.926   0.957   0.980                0.941   0.960   0.990
   A          0.074   0.043   0.020                0.059   0.040   0.010
  rs1800629                                                        
   GG         0.673   0.839   0.879                0.920   0.951   0.969
   GA         0.310   0.153   0.121                0.073   0.046   0.031
   AA         0.018   0.007   0                    0.007   0.003   0
   G          0.827   0.916   0.940                0.956   0.974   0.984
   A          0.173   0.084   0.060                0.044   0.026   0.016

**Note:** Genotype and allele frequencies are presented in absolute numbers according to the International HapMap Project.[@b24-copd-13-627]

**Abbreviations:** CEU, National Institute of Environmental Health Sciences SNPs Environmental Genome Program for the Caucasian population residing in Utah, USA; CHB, Chinese in Beijing, China; Mex (LA), Mexican ancestry in Los Angeles; MM, Mexican mestizo; SWOC, smokers without COPD; BBES, biomass burning-exposed subjects; SNP, single nucleotide polymorphism.
